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Abstract
Over the past decade, carbon capture and storage (CCS) has moved from the planning phase to experimental phase (e.g., Alabama 
Gulf Coast-Plant Barry and Illinois Basin-Decatur), but has yet to be implemented at a commercial scale from an Electric Utility
Generating Unit (EGU).  Barriers to commercial-scale deployment of CCS include concerns regarding potential risks and financial
liability related to human health, safety, the environment, and business interruption.  Although the probability of a release may be 
small, prudent risk management requires estimates of the funds required to remediate or compensate for harm, should a release occur.
The analytic tools exist to estimate dollar values of potential risks.  Such estimates are a function of location, plant design (fuel 
source, technology), and must be estimated on a site-specific basis.  This paper applies a stochastic Monte Carlo model (“CCSvt
Model”) that estimates financial consequences arising from potential human health, safety, environmental and business interruption
risks (events) associated with CCS, in light of their anticipated site-specific likelihood and magnitude.  The authors contend that use 
of the CCSvt Model, and corresponding results, foster a best practice understanding of the potential risks and financial liabilities 
associated with proposed CCS projects.  In the authors’ view, the results of the CCSvt Model can contribute to a more productive
public dialogue regarding CCS, improved siting of CCS projects, and ultimately support the commercial-scale deployment of CCS-
technology.  The authors conclude that the CCSvt Model is sufficiently flexible in design that it can be adapted to estimate damages 
distribution curves for myriad types of CCS projects, scaled for plant design and geographic location.  As a proof of concept, the 
authors apply the CCSvt Model to the Alabama Gulf Coast-Plant Barry pilot project in Mobile, Alabama.  
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1. Introduction 
It is generally accepted that a portfolio of technologies, including Carbon Dioxide (CO2) Capture and Storage (CCS) is required to 
meet the goal of reducing global greenhouse gas emissions from the power generation industry (see IEA, 2013; EPRI, 2009; MIT, 
2007).  Although there is emerging consensus that the suite of portfolio options includes CCS, the financial viability of this 
technology continues to be hampered by perceptions of unmanageable risk and unfettered financial damages (Eide et al., 2013).  
Notwithstanding the perceived lack of certainty with respect to the long-term financial consequences arising from CCS, there are
12 CCS projects in operation globally and nine projects presently under construction (GCCSI, 2014).  Advancements in the 
deployment of CCS represent a 50% increase in shovel-ready CCS projects since 2011, with another 39 projects in the planning or
development stage (GCCSI, 2014).  In addition, some regulatory authorities have the benefit of legislative architectures to assist in 
the financing and management of long-term stewardship with the intent of fostering commercial-scale deployment (79 FR 34829).  
Notably, in Alberta, the Carbon Capture and Storage Statutes Amendments Act of 2010 results in a legislative mandate, whereby a
financing structure in the form of Post-Closure Stewardship Fund is formed, and the Government of Alberta assumes certain 
liabilities and obligations of a CCS operator (S.A. 2010 c. 24).  Such legislative structures require judicious calculation of potential
financial damages.  More importantly, the calculations underpinning these structures must be transparent, replicable, and defensible 
in order to foster the necessary consensus among public and private stakeholders (see Greenberg et al., 2009 and Greenberg et al.,
2011).  
This paper presents a risk-based probabilistic model (“CCSvt Model”) that allows for user-defined inputs in a Monte Carlo 
framework.  The outputs of this model are dollar denominated estimates of several categories of potential financial damages, on a 
site-specific basis.  The CCSvt Model simulates event occurrences and cost estimates, allowing the user to better understand the
range of possible outcomes arising from myriad phases of the CCS project that could result in financial consequences.  In a broad
sense, the CCSvt Model simulates the probability of a predetermined list of events occurring over an established time horizon, and
then applies a cost randomly drawn from a specified cost distribution for each event occurrence.   
Designed as a stochastic model, the CCSvt Model estimates financial consequences arising from potential human health, safety, 
environmental, and business interruption events associated with CCS, in light of their anticipated site-specific likelihood and
magnitude.  Outputs from the CCSvt Model are in the form of dollar denominated estimates presented as a range of damages.  The 
model is sufficiently flexible to allow the user to estimate the range of financial consequences for a subset of related events and/or for 
a given time period.  Specifically, the CCSvt Model produces site-specific estimates that then can be used to compare risks across 
CCS projects, assess proposed siting locations and, to the degree appropriate, serve as a defensible basis for establishing the face 
value (or limits of liability) of financial assurance instruments.  As a proof of concept, we initially applied the CCSvt Model to the 
FutureGen 1.0 project, and specifically the non-selected Jewett, Texas site (Trabucchi et al., 2010).  Most recently, we extended the 
application of the CCSvt Model to the Alabama Gulf Coast-Plant Barry pilot project in Mobile, Alabama, which is the main focus of 
this paper.   
We contend that use of the CCSvt Model, and corresponding outputs, fosters a better understanding of the potential risks and 
financial consequences associated with proposed CCS projects.  The outputs of the CCSvt Model can contribute to a more productive
public dialogue regarding CCS, improve siting of CCS projects, and ultimately support the commercial-scale deployment to the Plant 
Barry pilot project.  The resulting damages distribution curves suggest that well-sited CCS projects likely have a relatively small 
potential for material financial consequences.   
2. Architecture of the CCSvt Model in a Monte Carlo Framework 
The Monte Carlo method has been applied to some of the most important scientific questions of the last century including 
epidemiology, sea level rise, and by scientists working on the Manhattan Project. It has provided researchers across many disciplines
with a transparent and robust method for simulating and analyzing variability and uncertainty (Grinsted et al., 2008, Fishman 1996; 
Metropolis and Ulam 1949). Monte Carlo’s power stems from its ability to generate thousands of iterations of an outcome based on
random draws from input ranges and distributions.  As such, Monte Carlo can quantify the variability associated with multiple inputs 
and identify a subset of inputs that are having the greatest effect on the range of outcomes.  For a detailed description of the
underlying Monte Carlo method see Fishman 1996.  The authors of this paper have used the well-established reputation and 
flexibility of the Monte Carlo method to develop the CCSvt Model to probabilistically simulate event occurrences and cost estimates
related to CCS.   
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The CCSvt Model uses a suite of user-defined inputs to generate a range of potential dollar denominated outcomes. These 
outcomes can be generated for the lifespan of a given CCS site anywhere in the world under a myriad of conditions.  The flexibility 
of the CCSvt Model allows the user to define and vary the lifespan of the project, and thereby assist the user in understanding the 
impact of changing the time horizon of various project phases, e.g., capturing CO2 for 25 years instead of 50 years. Other required 
user-defined inputs include the suite of potential events, e.g., a pipeline rupture, injection well casing crack, etc., event-specific 
annual probabilities, e.g., the likelihood of an event occurring each year, and the range and distribution of event-specific costs, e.g., 
the cost to mitigate a pipeline rupture.   
The authors developed the CCSvt Model with a user-friendly Microsoft Excel interface in order to facilitate its use by various 
stakeholders across multiple sites.  To start using the model, the user must first determine the suite of site-specific events they will be 
modeling and enter them into the CCSvt Model.  The maximum number of events allowed in the CCSvt Model is only limited by the 
number of rows Excel allows and available computational power.  If the user chooses to evaluate a subset of events, they may enable
the event characterization feature built into the model.  This feature allows the user to characterize events into sub-classes.  For 
example, for the Plant Barry site, one sub-class of events was defined as “business-only” events, corresponding to events that, if they 
occurred, e.g., unplanned or unrelated plant shutdowns, would only result in internal impacts to business operations and would not 
result in “external” effects such as impacts to property owned by other entities or individuals, human health or the environment.
For each site-specific event, the user then must assign an annual probability, cost range and cost range distribution. For the Plant
Barry application, the model relies on internally generated site-specific information pertaining 48 risk events potentially applicable to 
an experimental CCS well. The annual probability, or chance of an event occurring, is an estimate of the likelihood of each event 
occurring in a given year.  The CCSvt Model has been designed so that the probability for each event can vary from year to year.  For 
example, in years one through five a specific event may have a higher likelihood of occurring than in years six through 50.  Further, 
the CCSvt Model has been designed to retain maximum flexibility, allowing for an event to have a zero percent chance of occurring
during a given timeframe or project phase.  For example, events associated with the injection process have some probability of 
occurring during the injection phase but zero probability of occurring during the post-closure monitoring phase.  As such, a zero
probability of occurrence can be entered during the post-injection monitoring phase for these events.   
The user must define a minimum, maximum and cost distribution for each potential risk event. The underlying method for 
deriving these cost estimates is proprietary and beyond the scope of this paper, but it reflects consideration of repair/replacement, 
cleanup, remediation, health and safety, contract obligations and other potential costs that could be incurred if a specified risk event 
occurs.  The model will accept any dollar value for the minimum and maximum, and the cost distribution can be chosen from a pre-
defined list of distributions already incorporated into the model, e.g., normal, right-skewed, Poisson, etc.  However, the authors 
understand that a predefined list of distributions restricts the model’s flexibility, and therefore designed the model to accept a custom 
distribution entered by the user.  Table 1 summarizes the event-specific inputs, the required units and other input-related 
considerations.  
Table 1: CCSvt Model event specific inputs, required units, and other input-related considerations 
Input Description Units Notes 
Annual Probability Annual chance of an event occurring % Model will accept any numerical value between zero & 100, including zero & 100 
Time Frame Years or project phase over which event occurs Year or Predefined list  
Model allows users to toggle whether a given event 
occurs in one or more project phases.  Project phases 
can toggle on and off. 
Cost Range Minimum & maximum costs if an event occur $ Model can accept any dollar denominated value 
Cost distribution Distribution of the range of costs Predefined list or user defined 
Predefined lists of distributions can be expanded by 
the user to include custom distributions 
First, based on each event’s annual probability of occurrence, the model determines whether the event occurred in a given year.  If 
so, then the CCSvt Model randomly draws from a cost distribution with a defined minimum and maximum value.  For example, a 
hypothetical 25 mile CO2 transport pipeline may have a one percent chance of rupturing each year for the first 25 years of a project, 
and if it does rupture, the associated costs could range from $3,000 to $300,000, with the cost range distribution being right-skewed, 
i.e., positive-skewed.  Rather than relying on a point estimate, or assuming a uniform or flat distribution, assigning an event-specific 
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distribution to the cost ranges allows the user to more accurately reflect reality.  So, if the model determines in year one of the 
simulation that a pipeline rupture does occur, then the model randomly draws from a right-skewed cost distribution with a minimum 
of $3,000 and a maximum of $300,000.  Next, the model records the value that it randomly drew and repeats the process for each 
potential event in year one, recording cost values along the way.  Accounting for changes in annual likelihood, the model repeats the 
process for year two, year three, and so on through the end of the simulated lifespan of the project.  The damages from each year of 
the simulation are summed across years to generate a total estimate of damages for that trial resulting in a model iteration.  Each 
iteration represents a single trial of the model, i.e., a point estimate.   
To develop a distribution or range of potential outcomes, the CCSvt Model runs the simulation thousands of individual times with
each trial of the simulation resulting in the generation of an individual point estimate.2  The number of trials per scenario is a user-
defined input, which can be increased or decreased depending on site-specific considerations and available computing 
resources.  The thousands of individual estimates are combined to form a distribution of potential outcomes with minimum and 
maximum values.  The resulting distribution of potential outcomes allows the user to identify outcomes with different degrees of
likelihood or percentile estimates.  For example, the 50th percentile cost estimate represents the value at which there is a 50% 
probability that actual costs will be equal to or less than the calculated value.  Similarly, the 95th percentile estimate means that there 
is a 95% chance that the costs will be equal to or less than the calculated value.  The CCSvt Model also affords users the flexibility to 
generate the converse estimates, e.g., there is a 5% chance actual costs will be greater than a calculated value.    
The CCSvt Model aggregates costs to present a total accounting of financial damages accruing across all project years and phases.
These aggregated costs can be broken down by user-specified categories, e.g., in this Plant Barry application, the CCSvt Model 
separately identifies financial damages to business operations versus environmental damages resulting from adverse site events.
The CCSvt Model is flexible enough to allow the user to turn events and years on and off, thereby facilitating scenario analysis or 
investigations of specific year ranges and comparison of outcomes.  Additionally, the CCSvt dollar-denominated outcomes can be 
presented as a total cost estimate or as a per ton of injected CO2.  The model allows the user to enter the amount of CO2 (in tons) that 
is expected to be injected over the lifetime of the project, and then divides each model run by the total amount of injectate.  It is these 
distribution estimates, either total or per ton of injected CO2, that then can be compared across scenarios or across sites.   
2.1. Site Description and Site-Specific Inputs 
As an initial proof of concept, the authors applied the CCSvt Model to the FutureGen 1.0 project, and specifically to the non-
selected Jewett, Texas site (Trabucchi et al., 2012).3 Most recently, the authors extended the application of the CCSvt Model to the 
Alabama Gulf Coast-Plant Barry pilot project in Mobile, Alabama.  Application of CCSvt Model to the Plant Barry pilot project is
the main focus of this paper.  
2.1.1. The Plant Barry Site 
In 2003, in an effort to further the research and development of CCS technology, the DOE created seven Regional Carbon 
Sequestration Partnerships.4  These Partnerships form the cornerstone of the United States’ effort to deploy CCS technology at 
commercial scale.  DOE’s initiative was designed to be completed in three phases: characterization, validation and development.5
The goal of Phase I was to characterize the potential for CO2 storage in the United States and Canada.  In Phase II, each partnership 
confirmed and validated regional storage sites identified in Phase I.  Phase III reflects the implementation of large scale projects to 
demonstrate the effectiveness and safety of CCS technology.  As part of DOE’s Southeast Regional Carbon Sequestration 
2 The Monte Carlo analyses underpinning the CCSvt Model involve independent runs of 10,000 trials each. Examination indicates that the distributions generated via 
the CCSvt Model do not differ materially from one another beyond 10,000 trials; the exceptions are marginal differences in the extreme upper bound scenarios.
3 With the goal of building the first zero-emissions coal burning power plant, the DOE initiated the FutureGen Project.  Site selection for the FutureGen project was 
competitive, with seven states proposing 12 sites.  Of the 12 sites proposed, four were chosen as finalist and substantial human health and environmental risk 
information was developed and released to the public.  Relying on the publicly available information generated as part of the FutureGen site selection process, the 
authors previously conducted an analysis using the CCSvt Model for the non-selected FutureGen site in Jewett, Texas (see Donlan and Trabucchi, 2010; DOE, 2007; 
and www.futuregenalliance.org
4 http://energy.gov/fe/science-innovation/carbon-capture-and-storage-research/regional-partnerships
5 http://www.netl.doe.gov/research/coal/carbon-storage/carbon-storage-infrastructure
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Partnership,6 managed by the Southern States Energy Board, the DOE awarded funds to inject and monitor post-combustion captured 
CO2 from a 25 MW slipstream at Southern Company’s Plant Barry coal-fired power plant in South Alabama.7     
As part of the proofs of concept underlying this paper, we factored an array of site-specific considerations into the CCSvt Model,
including location, fuel type, plant events, pipeline events, and storage-events for both the current experimental injection well (9 
years) and a theoretical commercial injection well under a ten-year post-injection monitoring scenario (103 years total).  As 
summarized in Table 2, the CCSvt Model considered four distinct project phases in relation to two well scenarios, i.e., actual 
experimental and hypothetical commercial. 
Table 2: Time Horizons for Experimental and Commercial Well Scenarios (in Years) 
Project Phase Experimental Commercial 
Site Characterization 3 3 
CO2 Capture and 
Injection 3 40 
Post-Injection
Monitoring 3 10 
Long-term Care 0 50 
Working with Plant Barry Project Partners, we developed a set of parameters and inputs tailored to the Plant Barry site for use in 
the CCSvt Model. Specifically, we identified 48 potential site-specific CCS-related events at the site.  Next, we assigned each of 
these events to an aggregate probability of occurrence for each of the four project phases described above.  In instances where the 
event was not applicable to the site for the given project phase, we assigned a probability of zero to the given event.  Additionally, we 
identified a subset of events that the project partners considered to be “business only” risks, rather than events that would result in 
other types of “external” damages.  Lastly, based on the project partners’ site-specific assessments and expertise, we assigned a range 
of dollar denominated potential damages and distributions. With these efforts complete, a full set of events for the Plant Barry site, 
and their associated likelihoods of occurrence and potential resulting damages were defined within the CCSvt Model. Total dollar
denominated costs are converted to a per ton of injected CO2 estimate, assuming 50 million tons of CO2 could be injected at full 
capacity for the commercial well. 
The flexibility of the CCSvt Model allows decision makers to rapidly assess and compare different scenarios associated with the
Plant Barry project. These scenarios include (1) experimental well versus commercial well; (2) inclusion of all events versus 
inclusion of only non-business risk events (for both experimental well and commercial well scenarios); and (3) a 10-year post-
injection monitoring project phase versus a 30-year post-injection monitoring project phase (for commercial well only, as in the
experimental well this project phase lasts only three years).  In addition, the CCSvt Model can assist owners and operators 
considering various deployment models for commercialized CCS.  The array of deployment models, including self-build options, 
joint-venture and a “pay-at-the-gate” model, are described in detail by Esposito 2010. 
3. Results and Discussion 
Based on the data, methods, and assumptions described in the paragraphs above, Figure 1 presents the total damage distributions
for the currently active Plant Barry-experimental well.  As demonstrated by this analysis and shown in Figure 1, at the median (or 
50th percentile) damages for the Plant Barry-experimental scenario are estimated to be approximately $3.3 million.  That is, there is a 
50% likelihood that the damages under the Plant Barry-experimental scenario will be less than $3.3 million.  Also shown in Figure 1 
are the minimums and maximums, which range from $0 to $27 million.   
6 http://www.secarbon.org/ 
7 https://sequestration.mit.edu/tools/projects/plant_barry.html 
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Figure 1.  The total dollar denominated damage distributions for the Plant Barry-Experimental CCS site.  The vertical dashed line
represents the 50th percentile. 
Further inspection of the distribution of potential damages reveals that the curve is substantially driven by high-cost events that
have low probabilities of occurring.  Specifically, of the 35 distinct events enabled in the CCSvt Model for the experimental scenario 
at Plant Barry, approximately two-thirds of the potential damages are associated with five events, and as shown in Table 3, 
approximately half of the potential damages are associated with just two of these events.8
Table 3: Events contributing the highest potential damages estimates for the Plant Barry site, experimental well scenario 
Event Description 
% of Total Costs 
Across All Runs
Cost Range 
(uniform
distribution
applied) 
Periods & Annual Probabilities Within 
Site
Characterization 
/ Construction  
(3 Years) 
Capture / 
Injection
(3 Years) 
Post-
Injection
Monitoring
(3 Years) 
Failure to maintain sustained operation of capture unit, 
pipeline, and CO2 injection to enable storage of sufficient 
volumes of CO2 (100-300 kt) to meet project goals 
27.0% $2M - $8M None 8.33% None 
Unexpected transport requirements 22.9% $0.1M - $8M None 8.33% None 
Monitoring program unable to meet monitoring intents: 
movement of CO2 and demonstration of containment, 
manage injection 
6.1% $0.1M - 1M None 8.33% 8.33% 
Decreased performance of capture unit based on fuel 
switch 5.6% $0.1M - $2.5M None 6.67% None 
Injection pump failure or downtime 4.6% $0.01M - $1M None 16.67% None 
Total 66.2%  
8 The master list of site-specific adverse events, corresponding likelihoods of occurrence and associated ranges of potential damages includes 48 distinct events for the 
Plant Barry site.  However, given different project parameters and duration of project phases, not all events are eligible to occur in each scenario. Of the 48 total 
adverse site-specific events identified for Plant Barry, 35 have a non-zero likelihood of occurrence in the experimental scenario.
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In addition to applying the CCSvt Model to the experimental well at Plant Barry, we also consider a hypothetical commercial 
scale well at the Plant Barry site assuming 50 million tons of CO2 would be injected and the lifespan of the project was 103 years.  
Figure 2 illustrates the resulting damages distribution curves for Plant Barry under both the experimental scenario from Figure 1, as 
well as the commercial scenario.   
Figure 2. The total dollar denominated damage distributions for the Plant Barry-Experimental CCS site as compared to a hypothetical
commercial-scale well at the same site. 
   
As evident from Figure 2, these two scenarios largely differ in the upper percentiles, attributable to the presence of low-
probability events with high associated damages. Notably, at lower percentiles, damages associated with the two scenarios are very 
similar – the lower-damage events and their likelihoods of occurrence do not vary much across the experimental and hypothetical
commercial well scenarios. However, at the upper bound, the difference in costs between the experimental and commercial scenarios
is material.  Specifically, under the experimental scenario, upper bound costs are approximately $27 million, whereas in the 
hypothetical commercial well scenario, upper bound costs exceed $131 million.  
Table 4 summarizes the highest-cost events for the commercial well scenario. Notably, whereas the individual likelihoods of 
occurrence appear lower in Table 4 relative to the highest-cost events in Table 3 for the experimental well scenario, the associated 
project phases are longer, leading to a higher aggregate chance of occurrence. Similarly, the damages associated with these highest-
cost risks exceed their counterparts in the experimental well scenario. Specifically, over 80 percent of the potential damages in the 
commercial well scenario accrue to the five highest-cost events, as compared to two-thirds in the experimental well scenario. 
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Table 4: Events contributing the highest potential damages estimates for the Plant Barry site, commercial well scenario 
Event Description 
% of 
Total
Costs 
Across All 
Runs Cost Range* 
Periods & Annual Probabilities Within 
Site
Characterization/ 
Construction
(3 Years) 
Capture / 
Injection
(40 Years) 
Post-
Injection
Monitoring
(10 Years) 
Long-Term 
Care  
(50 Years) 
Monitoring program unable to meet monitoring 
intents: movement of CO2 and demonstration 
of containment, manage injection 
56.7% $0.1M - $50M** None 0.70% 0.70% None 
Unexpected transport requirements 12.1% $0.5M - $12M None 0.63% None None 
Unexpected size of plume expansion (larger 
than anticipated) triggers permit review, 
expanded monitoring activities, and 
implementation of preventive measures on 
wells 
5.1% $0.1M - $5M None 0.50% 0.50% None 
Loss of containment due to migration along 
transmissive faults 5.0% $0.1M - $50M None 0.025% 0.025% 0.025% 
Return of low quality condensate (with 
amines) that could impact water chemistry 
and cause problems at plant 
4.9% $0.05M - $5M None 0.63% None None 
Total 83.7%   
*   All distributions uniform except as noted below. 
**  Distribution is a skewed triangular distribution, with a maximum at the 25th percentile of the cost range.  
When evaluating potential damages related to any large-scale infrastructure project, it is essential that stakeholders be able to 
understand the nature of underlying events and their respective contribution to the total damages estimate.  As such, the authors 
developed the CCSvt Model with a module that allows it to identify the event(s) responsible for a user-specified proportion of the 
overall damages.  Within the context of the Plant Barry application, the authors retrieved the events that were responsible for
approximately 85% of the damages.  As shown in Table 4, the driver of the maximum estimate are five events with low annual 
probabilities (<1% annual probability) and relatively high cost ranges.  These five events are responsible for over 83% of the 
estimated costs and one of the five events is responsible for over 56% of the estimated costs.  Additionally, as shown in Table 5, 
when the individual modeled trials are grouped by costs, the CCSvt Model estimates costs to be less than $1 million for 
approximately 12% of the trials and less than $5 million for approximately 45% of the trials at the Plant Barry site.  The number of 
trials binned into these low estimates of damages increases when “business only” risks are excluded (see also Figure 3).   
Table 5: Percent CCSvt Model trial runs that fall into a given cost range 
Category 
Experimental 
Years in Scenario = 9 
Commercial 
Years in Scenario = 103 
All Risks 
Business Risks 
Excluded All Risks 
Business Risks 
Excluded 
No costs incurred 0.14% 0.77% 0.20% 1.05% 
Costs between $0 - $1M 14.91% 27.17% 11.90% 20.65% 
Costs between $1M - $5M 47.66% 64.68% 33.30% 36.15% 
Costs between $5M - $10M 30.50% 6.14% 16.12% 11.68% 
Costs between $10M - $20M 6.73% 1.24% 15.06% 9.27% 
Costs between $20M - $50M 0.06% 0.00% 19.82% 18.17% 
Costs $50M and greater 0.00% 0.00% 3.60% 3.03% 
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Figure 3. The total dollar denominated damage distributions for the Plant Barry Hypothetical Commercial CCS site Inclusive and 
Exclusive of “Business Risks”. 
As a measure of comparison, we also compared the findings associated with the hypothetical commercial-scale well scenario for 
the Plant Barry site with the potential cost curve previously developed by the authors for the non-selected Finalist Department of 
Energy (DOE) FutureGen project in Jewett, Texas. 9  Table 6 summarizes the per-ton damages at key percentiles, assuming 50 
million tons of CO2 injected, across the hypothetical commercial-scale well scenarios for Plant Barry, as well as for the non-selected 
FutureGen site in Jewett, TX.  Notably, the CCSvt Model estimates of potential damages arising from CO2 under the hypothetical 
commercial-scale well scenario for Plant Barry are akin to the estimated human health and environmental damages derived by the 
CCSvt Model for the non-selected FutureGen site in Jewett, TX.  When viewed collectively, the estimated damages distribution 
curve for both scenarios suggests that well-sited CCS projects likely have a relatively small potential for damages.  However, these 
results should not be used to broadly characterize geologic storage of CO2 as widely available or necessarily feasible.  These results 
pertain to specific, well-characterized sites, the geologic features of which cannot be said to perfectly mirror other projects.  In 
addition, conclusions of the sort in this study should only be made in reference to actual geologic formations, not hypothetical
constructs.  Further, the Plant Barry demonstration project itself should not be considered as evidence that geologic storage is
economically feasible.  
9 The Jewett, Texas site is located in a highly rural setting with a low population density in east-central Texas.  The proposed site encompasses approximately 400 
acres of formerly mined land northwest of the Town of Jewett, with the plant footprint itself being approximately 75 acres.  Thus, there are several hundred feet of 
open space buffer around the plant itself.  The pipeline connecting the plant and injection site is approximately 59 miles long.  The proposed injection wells at the 
storage site would be located on both private ranch land and state-owned prison land approximately 33 miles northeast of the proposed power plant site.  This project 
assumed a coal fuelled electric power and hydrogen gas production plant integrated with CCS, wherein site-specific considerations included incorporating the 
potential magnitude and impacts of CO2 and H2S releases related to plant events, pipeline events, and storage-site events over a 50-year injection period and 50-year 
post-injection period.  Site-specific events included those associated with failure of CO2 separation equipment, pipeline rupture, pipeline puncture, wellhead 
equipment rupture, CO2 injection well leak, rapid leakage through cap rock, slow leakage through cap rock, and release through existing, induced faults.  A detailed 
description of the site, events, event probabilities, time frames, damage ranges, and damage distributions can be found at Donlan and Trabucchi 2010 and Trabucchi et 
al., 2010.
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Table 6: Cost per ton summary – CCSvt Model outputs for commercial well scenario and non-selected FutureGen site in Jewett, TX 
Category 
Commercial Well Scenario – Plant Barry 
Non-Selected 
FutureGen Site 
Jewett, TX 
30-Year Post-Injection Monitoring 10-Year Post-Injection Monitoring 
All Events Business Risks Excluded All Events Business Risks Excluded 
Minimum $/ton cost $0.00 $0.00 $0.00 $0.00 $0.00 
50th percentile $/ton cost $0.17 $0.12 $0.12 $0.07 $0.17 
95th percentile $/ton cost $1.05 $1.01 $0.92 $0.88 $0.37 
99th percentile $/ton cost $1.54 $1.49 $1.36 $1.32 $0.48 
Maximum $/ton cost $2.67 $2.85* $2.63 $2.56 $0.74 
* All Monte Carlo simulations across scenarios were conducted independently. In this case, the highest-cost trial for the “business risks 
excluded” scenario exceeded the costs of the highest-cost trial for the scenario where no events were excluded. This outcome has a very 
low probability of occurrence.   $/ton assume 50MM tons CO2 injected. 
4. Conclusions 
The development of the CCSvt Model in a Monte Carlo framework allows owners and operators to develop dollar denominated 
damage distributions for user-specified, site-specific risk events at candidate CCS sites.  The CCSvt Model also provides users
flexibility in assigning event-specific annual probabilities of occurrence, and assigning dollar denominated damage distributions
should an event occur.  After defining the site-specific inputs for two candidate sites, i.e., the Plant-Barry and the non-selected 
FutureGen Jewett, TX, the authors used the CCSvt Model to simulate the lifespan of each scenario, i.e., Plant Barry-experimental,
Plant Barry-commercial, and FutureGen-Jewett, thousands of times to develop distributions of potential financial consequences. 
Further, the model allows users to run sub-scenarios, where subsets of risk events can be turned on and off, which provides additional
insight into the underlying events with the most impact on the final distributions of financial consequences.  The underlying data for 
each scenario were reviewed to determine which events at the Plant Barry site contributed the highest dollar amount to the total
potential damage estimates.  Finally, the CCSvt Model can assist owners and operators of a CCS project in determining the most 
appropriate business model for the commercial-deployment of CCS, such as those discussed by Esposito, 2010 
In sum, the authors have demonstrated that the Monte Carlo-based CCSvt Model is sufficiently flexible to characterize potential
damages at multiple sites under varying scenarios across myriad technologies, geographic locations and geologic structures. As with
any model, the usefulness of the outputs will depend on the quality of the inputs. Although detailed discussion of the derivation of 
inputs used in the Plant Barry application are proprietary and beyond the scope of this paper, there are potentially several sources for 
such information, including but not limited to site-specific investigations and risk assessments, published technical literature, and 
information on the types and magnitude of monetary damages paid for comparable events.  Sensitivity and scenario analysis 
conducted with the model can help identify key uncertainties and help define future research agendas. 
As stakeholder and government agencies further accept and deploy CCS technology on a commercial scale, the CCSvt Model can 
be applied to compare risks across CCS projects, assess proposed siting locations and to the degree appropriate serve a reasonable
basis for establishing the financial assurance instruments.10  Such application and use of the CCSvt Model will facilitate the 
commercial scale deployment of CCS technologies which will ultimately help to meet the goal of reducing global greenhouse gas 
emissions from the power generation industry.   
10 The financial consequences calculated by the CCSvt Model are in current (2013) dollars, and for simplicity do not attempt to estimate future changes in prices 
(due to inflation and other factors) or the effects of discounting.  When assessing the viability of various financial assurance instruments, cost estimates should be 
adjusted to account for the effects of expected inflation and real price changes, and reflect the time value of money.  Specifically, as the funds necessary to address 
these consequences may not be required today, but rather during project phases slated to begin at a future date, appropriate attention should be paid to present value 
analysis and discounting.  Analysis and discussion of financial assurance and the impact of discounting is beyond the scope of this paper (see NETL 2014). 
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